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CLAIMS 

[Claim(s)] 
[Claim 1] 
An anode 

a cathode containing barium, strontium, or calcium — and 

An anode and an organic semiconductor material layer between cathodes. 

It is a ****** optical apparatus. 

An optical apparatus with which electron hole transportation and an electronic cutoff material layer are located 
between an anode and an organic semiconductor material layer here. 

[Claim 2] 

The optical apparatus according to claim 1 which is an electroluminescence device. 
[Claim 3] 

The optical apparatus according to claim 2 which is a full color device with which an organic semiconductor 
material layer includes red, green, and blue electroluminescence material. 

[Claim 4] 

The optical apparatus according to any one of claims 1 to 3 with which a cathode contains barium. 

[Claim 5] 

electron hole transportation and an electronic interception metal layer — doria — the optical apparatus according 
to any one of claims 1 to 4 containing reel amine. 
[Claim 6] 

doria — the optical apparatus according to claim 5 with which reel amine is supplied as a repeating unit of 

polymer. 

[Claim 7] 

The optical apparatus according to claim 6 with which polymer includes 1 or two or more ARIRENKO common 

repeating units. 
[Claim 8] 

A fluorene by which 1 or two or more ARIRENKO common repeating units were replaced selectively, a 
spirofluorene, an indeno fluorene and phenylene, the optical apparatus according to claim 7 preferably chosen from 
9,9-2 substitution fluorene-2,7-diyl. 

[Claim 9] 

doria — the optical apparatus according to any one of claims 6 to 8 with which a reel amine repeating unit is 
chosen from a repeating unit of the general formula 1-6. 
[Formula 1] 
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Here, X, Y, A, B, C, and D are independently chosen from H or a substituent. More preferably 1 of X, Y, A, B, C, 

and D, or 2 or more. It is independently chosen from the group which comprises the alkyi of the branched state or 
the straight chain replaced selectively, aryl, perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, and an 
arylated alkyI group. 
[Claim 10] 

Organic semiconductor material layers are semiconducting polymer and the optical apparatus according to any one 
of claims 1 to 9 which is semiconductor copolymers preferably. 
[Claim 11] 

An optical apparatus with which a semiconductor copolymer contains the semiconductor copolymer according to 
claim 10 including a fluorene replaced selectively, a spirofluorene, an indeno fluorene and phenylene, and a 
repeating unit preferably chosen from 9,9-2 substitution fluorene-2,7-diyl. 
[Claim 12] 

doria of the general formula 1-6 as which said semiconductor copolymer is specified to claim 9 — an optical 
apparatus containing the semiconductor copolymer according to claim 10 or 1 1 including a repeating unit chosen 
from a reel amine repeating unit. 
[Claim 13] 

The optical apparatus according to claim 1 2 in which said common repeating unit is a repeating unit of general 

formula (I). 
[Formula 2] 
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R each here H, the branched state replaced selectively, or the alkyi of a straight chain, Aryl, perfluoro-alkyi, thio 
alkyi, cyano, alkoxy **. Heteroaryl, alky! aryl and an arylated alkyI group, the optical apparatus according to claim 
12 more preferably chosen from C^_^q alkyi and the group which comprises butyl still more preferably 

independently. 
[Claim 14] 

doria — the optical apparatus according to any one of claims 12 to 14 whose mole ratio of a reel amine repeating 
unit is 1-10% most preferably 30% or less 50% or less. 

[Claim 15] 

The optical apparatus according to any one of claims 1 to 14 with which a hole-injection material layer is arranged 
between an anode, electron hole transportation, and an electronic filter layer. 

[Claim 16] 

The optical apparatus according to claim 1 5 whose hole-injection material is a poly (ethylene dioxythiophene) 

layer. 

[Claim 17] 

The optical apparatus according to claim 1 5 with which a cathode contains a barium element. 

[Claim 18] 

A substrate containing an anode is supplied. 

Electron hole transportation and an electronic cutoff material layer are laminated to an anode, 

laminating an organic semiconductor material layer on electron hole transportation and an electronic cutoff 

material layer — and 

On an organic semiconductor material layer, a cathode layer containing barium, strontium, or calcium is laminated. 
A formation method of an optical apparatus containing things. 
[Claim 19] 

A method according to claim 18 by which a hole-injection material layer is laminated between an anode, electron 
hole transportation, and an electronic cutoff material layer. 
[Claim 20] 

A method according to claim 1 8 or 1 9 by which both electron hole transportation [ and ], an electronic cutoff 
material layer, and an organic semiconductor material layer are vapoi^deposited from a solution. 

[Claim 21] 

A way according to claim 20 both electron hole transportation [ and ], an electronic cutoff material layer, and an 
organic semiconductor material layer are polymer. 

[Claim 22] 

A method according to claim 20 or 21 by which electron hole transportation and an electronic cutoff material layer 
are heat-treated before lamination of an organic semiconductor material layer. 
[Claim 23] 

A method according to claim 22 by which heat-treatment is performed below with glass transition temperature of 
electron hole transportation and an electronic cutoff material. 
[Claim 24] 

A way according to any one of claims 20 to 23 an organic semiconductor material does not have cross-linking vinyl 
or an ethynyl group substantially. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This inventions are an organic optical apparatus and a thing concerning organic electro-luminescence and an 

electromotive device especially. 
[Background of the Invention] 
[0002] 

One kind of optical electric apparatus is using organic materials as luminescence (an organic luminescent device or 
OLED), a photoelectric cell, or an activity element of a photodetector (photovoltaic device). A fundamental 
structure of these devices consists of a semiconductor organic layer pinched between the cathode which pours in 
or receives a negative charge transporter (electron) to an organic layer, and the anode which pours in or receives 
positive charge (electron hole). 
[0003] 

In an organic electro-luminescence device, an electron and an electron hole are injected into a semiconductor 
layer, and produce the excitation which joins together there and results in radioactive disintegration. In 
WO90/13148, an organic luminescent material is polymer (p-phenylenevinylene) (PPV), i.e., poly. Other publicly 
known light emitting polymers contain Polyful Oren and polyphenylene. In a U.S. Pat. No. 4539507 item 
specification, an organic luminescent material is a thing of the kind known as a low molecule material like aluminum 
(8-hydroxyquinoline) (Alq^). W099/21935 indicate the kind of material known as a dendrimer. In a actual device, 

one of the electrodes is transparent and it permits that a photon emits from a device. 
[0004] 

Although an organic photovoltaic device has the same structure as an organic electro-luminescence device, an 
electric charge is separated, for example rather than combined, so that it may be indicated to W096/16449. 
[0005] 

One feature of an OLED design of having required many researches is selection of a cathode. Degrade the work 
function of the cathode in comparison with a minimum sky level orbit (LUMO) of the (a) luminescent material, and 
(b) organic materials, or the factors which should be taken into consideration when choosing a cathode are the 
possibilities of the reverse cathode. Therefore, selection of the suitable cathode for arbitrary materials is not easy, 
and if it is required that red, and all the three green and blue luminescent materials and affinities of a cathode 
should be good of full color OLED, it is still more complicated. For example. Synthetic Metals 111-112 (2000) and 
125-128 are indicating the full color display whose cathode is LiF/Ca/aluminum. The artificers of this invention 
discovered bringing about green and the result which is not good about a red light object in particular, although this 
cathode was efficient about especially blue light material. About this cathode, the artificer of this invention 
discovered the problem on which the efficiency of these colors gets worse, while the pixel of the green and red 
who are believed to be because for lithium to mix in electroluminescence material was not driving. 
[0006] 

It had some interest about the cathode containing barium. For example, W098/57381, Appl.Phys.Lett.2002, 81 (4), 
the cathode containing a barium element. It is indicated by 634, and WO02/84759, and the cathode containing 
barium fluoride is indicated by PCT GB02/03882 which is the joint application of Appl.Phys.Lett.2001, 79 (5), 2001, 
and an applicant. However, barium containing a cathode still has a fault. Especially the work function of barium is 
relatively high, and makes an electron pour into LUMO of a typical blue light material. Therefore, electron injection 
efficiency of barium is relatively [ for blue light material ] low at least. 
[0007] 
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Therefore, as for the purpose of this invention, a cathode contains metal with a comparatively high work function. 

However, performance is improved and provides the organic optical apparatus with which the improvement of a life 

(namely, time taken for the luminosity of a device to fail to the half of the first luminosity under fixed current) and 

the improvement of efficiency were made as compared with the conventional device which has a cathode which 

contains barium especially. 

[Patent documents 1] W098/57381 

[Patent documents 2] WO02/84759 

[Nonpatent literature 1] Appl.Phys.Lett.2002,81(4),634 

[Nonpatent literature 2] Appl.Phys.Lett.2001 ,79(5),2001 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0008] 

The artificer of this invention discovered that the combination of a cathode like barium which contains a high work 
function relatively, and electron hole transportation / electronic filter layer improved the life and efficiency of 
OLED over the range of a color. 
[0009] 

Barium has a 2.7-eV work function, strontium has a 2.59-eV work function, and calcium has a 2.87-eV work 

function (source: J.Appl.Phys.48 (11) 1997-4730). 

Therefore, the 1st side of this invention provides the optical apparatus containing the following. 
Anode 

the cathode containing barium, strontium, or calcium — and 

The organic semiconductor layer between an anode and a cathode. 

Here, electron hole transportation and an electronic cutoff material are located between an anode and an organic 

semiconductor material layer. 

[0010] 

desirable — a cathode — barium — a barium element is included more preferably. Or the cathode can contain a 
barium compound like barium fluoride. 

[0011] 

An optical apparatus is an electroluminescence device and is a full color electroluminescence device with which an 
organic semiconductor material layer includes red, green, and blue electroluminescence material more preferably. 
[0012] 

desirable — electron hole transportation and an electronic cutoff material layer — doria — reel amine is included, 
more — desirable — doria — reel amine is supplied as a repeating unit of polymer. In this case, polymer is a 
copolymer which has 1 or two or more arylene common repeating units preferably. A desirable common repeating 
unit is selectively chosen from the fluorene replaced selectively, a spirofluorene, an indeno fluorene and phenylene, 
and the fluorene 2,7-diyl replaced 9,9 to two times more preferably. 
[0013] 

doria — when reel amine is a repeating unit of polymer, it is preferably chosen from the repeating unit of the 
general formula 1-6. 
[0014] 
[Formula 3] 
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Here, X, Y, A, B, C, and D are independently chosen from H or a substituent. More preferably 1 of X, Y, A, B, C, 
and D, or 2 or more. It is independently chosen from the group which comprises the alkyi of the branched state or 
the straight chain replaced selectively, aryl, perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, and an 
arylated alkyI group. X, Y, A, and B are C.|_.|q alkyls most preferably. The repeating unit of the general formula 1 is 

the most preferred. 
[0015] 

desirable — an organic semiconductor material layer — semiconducting polymer — it is a semiconductor 

copolymer more preferably. 

[0016] 

the fluorene by which the desirable repeating unit was selectively replaced when an organic semiconductor 
material was a copolymer, a spirofluorene, an indeno fluorene, and phenylene — it is more preferably chosen from 
9,9-2 substitution fluorene-2,7-diyl. Desirable 9-substituent is the alkyI and aryl which were replaced selectively. 
[0017] 

the doria of the general formula 1-6 — reel amine is a desirable repeating unit of semiconducting polymer, and is 

combination with the repeating unit most preferably specified in the following paragraph. 

[0018] 

one especially desirable doria — a reel amine repeating unit is a repeating unit by which general formula (I) was 
replaced selectively. 
[Formula 4] 
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(1) 



Here, R is independently chosen each from the group which comprises the alkyi of H, the branched state replaced 
selectively, or a straight chain, aryl, perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, and an 
arylated alkyI group. Preferably, R is C^_^q alkyI each. R is butyl each and is n-butyl most preferably. 

[0019] 

an organic semiconductor material — doria — the time of being polymer including a reel amine repeating unit — a 
thing with surprising artificers of this invention — doria — it discovered that the characteristic of a device was 
improved in the lower mole ratio of a reel amine repeating unit, therefore, the doria in such polymer — the mole 
ratio of reel amine is 1-10% most preferably 30% or less 50% or less. 
[0020] 

Preferably, a hole-injection material layer is arranged between an anode, electron hole transportation, and an 
electronic filter layer. Hole-injection material is polymer preferably and is poly (ethylene dioxythiophene) more 
preferably. 
[0021] 

Preferably, a cathode contains the 2nd layer containing the 1st layer and inert metal in contact with the organic 
semiconductor layer containing a barium element, strontium, or calcium. Preferably, an inert metal is silver, 
aluminum, or gold. 
[0022] 

In the 2nd side, this invention provides the formation method of an optical apparatus including the following 

process. 

The substrate containing an anode is provided. 

Electron hole transportation and an electronic cutoff material layer are laminated on an anode, 

An organic semiconductor material layer is laminated on electron hole transportation and an electronic cutoff 

material layer, 

The cathode containing barium, strontium, or calcium is laminated on an organic semiconductor material layer. 
[0023] 

Preferably, a hole-injection material layer is laminated between an anode, electron hole transportation, and an 

electronic cutoff material layer. 

[0024] 

The artificers of this invention to a surprising thing soluble electron hole transportation and solution vacuum 
evaporation of an electronic cutoff material. In the layer which has resistance in the dissolution selectively at 
least, and way that electron hole transportation and an electronic cutoff material are another especially, when 
laminating an organic material layer using the melting solvent, it discovered generating the layer which has 
resistance in the dissolution. The resistance over the dissolution makes it possible to be vapor-deposited from a 
solution, without mixing an organic semiconductor material with electron hole transportation and an electronic 
filter layer thoroughly. The artificers of this invention discovered that the resistance to solubility was obtained, 
when (b) electron hole transportation and an electronic cutoff material were vapor-deposited in air or the 
atmosphere of only nitrogen, in spite of using (a) PEDT/PSS layer. 
[0025] 

Therefore, as for both electron hole transportation, an electronic cutoff material layer, and an organic 
semiconductor material layer, laminating from a solution is preferred. In this case, both electron hole transportation 
[ and ], an electronic filter layer, and an organic semiconductor material layer are polymer preferably. 
[0026] 

The resistance over the dissolution of electron hole transportation and an electronic cutoff material layer 
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increases with heating of the layer following vacuum evaporation. Therefore, as for electron hole transportation 
and an electronic filter layer, when both electron hole transportation [ and ], an electronic cutoff material layer, 
and an organic semiconductor material layer are vapor-deposited from a solution, it is preferred to be heat- 
treated before lamination of an organic semiconductor material layer. Preferably, heat-treatment is performed 
below with the glass transition temperature (Tg) of electron hole transportation and an electronic cutoff material. 
Preferably, an organic semiconductor material does not have cross-linking vinyl or an ethynyl group substantially. 
[0027] 

"red light material" — electroluminescence — the range of 600-750-nm wavelength — the range of 600-700 nm 
and the organic materials which emit more preferably the range of 610-650 nm and the radiation which has the 
range of 650-660 nm most preferably are meant preferably. 

[0028] 

"Green emission material" means the organic materials which emit the range of 510-580-nm wavelength, and the 

radiation which has the range of 510-570 nm preferably by electroluminescence. 

[0029] 

"Blue light material" means the organic materials which emit the range of 400-500-nm wavelength, and the 
radiation which has the range of 430-500 nm preferably by electroluminescence. 
[Best Mode of Carrying Out the Invention] 
[0030] 

When drawing 1 is referred to, PLED or the photovoltaic device of this invention contains the layer 4 which 
consists of the substrate 1 , the anode 2 which consists of an indium stannic acid ghost, the layer 3 which consists 
of an organic hole-injection material, electron hole transportation, and an electronic cutoff material, the layer 5 
which consists of organic semiconductor materials, and the cathode 6. 

[0031] 

An optical apparatus tends to be influenced by humidity and oxygen. Therefore, a substrate has a good operating 
characteristic which prevents humidity and oxygen from infiltrating into a device preferably. Although a substrate 
is usually glass, others and a substrate can also be used when especially pliability of a device is desired. For 
example, the substrate can contain a filter layer or sheet metal of glass and a plastic which is indicated by plastic 
[ like US6268695 ], and EP0949850 which indicates the substrate of a shift plastic. 
[0032] 

Although it is not indispensable, since pouring of the electron hole from an anode to semiconducting polymer is 
promoted, existence of the layer 3 of an organic hole-injection material is desirable. Poly aniline which is indicated 
by poly (ethylene dioxythiophene) (PEDT/PSS) which is indicated by EP0901 176 and EP0947123, or US5723873 
and US5798170 as an example of an organic hole-injection material is included. 
[0033] 

The cathode 6 contains the layer containing barium. This layer can contain the alloy which consists of a barium 
single or contains barium and other metal, for example, barium. As substitution of a barium element, the cathode 6 
can contain dielectric barium salt and barium fluoride which is especially indicated by Appl.Phys.Lett.2001 . 
[0034] 

The cathode 6 contains the sealing layer by inertness metal relatively on the layer containing barium. A suitable 

inert metal contains silver, gold, and aluminum. 

[0035] 

Preferably, this device is closed by a capsule (not shown), in order to prevent permeation of humidity and oxygen. 
A suitable capsule contains the airtight container indicated by for example, the sheet of glass, for example, the 
polymer indicated by WO01/81649, the thin film which has a suitable operating characteristic like the layered 
product of a dielectric, or WO01/19142. 
[0036] 

In a practical device, at least one of absorption (when it is optical answerback) or the discharge (when it is PLED) 
electrodes has a translucent light. When an anode is transparent, typically, an indium stannic acid ghost is included. 
The example of a transparent cathode is GB234831 6, for example. The example of transparence and a barium 
content cathode contains two-layer [ of barium and gold ]. 
[0037] 

A typical electroluminescence device contains the anode which has a 4.8-eV work function. Therefore, the suitable 
HOMO level for transportation of the electron hole by the electron hole transportation electronic cutoff material of 
the layer 4 is about 4.8 - 5.5 eV preferably. The LUMO level of the electron hole transportation electronic cutoff 
material of the layer 4 for an electronic interception function is 1 .6-2.3 eV shallow (that is, it is not activity) more 
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preferably preferably from the material of the layer 5 which has the deepest (that is, activity) LUMO level. 
[0038] 

electron hole transportation and an electronic filter layer — doria — they are a reel amine content low molecule, a 
dendrimer, a homopolymer, or a copolymer. For example, the fluorene arylamine copolymer is indicated by 

W099/54385. Other suitable materials for electron hole transportation and the use as the electronic filter layer 4 
are IEEE Transactions on Electron Devices, 1 997,44 (8), and poly (vinylcarbazole) indicated by 1 263-1 268. 
[0039] 

The organic semiconductor material used in order to form the layer 5 is the low molecule, the dendrimer, or 
polymer which shows a fluorescence. As for the layer 5, phosphorescence material could be instead doped by the 
host material. 
[0040] 

the suitable polymer used as the layer 5 — Polyful Oren — especially — the 2,7-combination 9, 9 dialkyi Polyful 
Oren or 2, seven combination 9, and a 9 diaryl Polyful Oren; polyspirofluorene. Especially, a 2,7 joint poly 9,9- 
spirofluorene; A poly indeno fluorene, Especially 2, 7 joint Polly 9,9-indeno fluorene; polyphenylene, especially — 
alkyi or alkoxy substitution Polly 1 ,4-phenylene, and ** — poly [ like ] (p-phenylenevinylene) and poly (arylene 
vinylene) like poly (arylene vinylene) like polyarylene are included. Such polymer is Adv.Mater.2000, for example. 12 
(23) It is indicated by 1 737-1 750 and the cited document of those. 
[0041] 

The above-mentioned polyarylene may be conveniently formed by the Suzuki polymerization indicated by 
WOOO/53656 and "Macromolecules", 31, and the Yamamoto polymerization that is indicated by 1099-1 103 (1998), 
for example. The Yamamoto polymerization is accompanied by coupling of a halogen functional group. Therefore, it 
is preferred that two reactive functional groups by which each functional group is independently chosen as each 
monomer from the group which comprises a boron derivation functional group chosen from the (a) boronic acid 
group, a boron ester group, and a borane group and a (b) halogen functional group are supplied. 
[0042] 

The above-mentioned polyarylene can include other repeating units like the above-mentioned electron hole 
transportation repeating unit 1-6 or a heteroaryl repeating unit. Especially a desirable heteroaryl repeating unit 
includes the unit of the general formula 7-21. 
[0043] 
[Formula 5] 




it differs [ whether Rg and are the same and ] here — respectively — independently — halogen or a 

substituent — they are alkyI, aryl, perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, or arylated alkyI 
preferably. For facilitating of manufacture, the same thing of Rg and R^ is preferred. It is [ whether these are the 

same and ] a phenyl group more preferably, respectively. 

[0044] 

[** 6-1] 
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[** 6-3] 
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21 



Although other suitable arylene repeating units are publicly known, for example, it is indicated by WOOO/55927, and 

WOOO/46321, these contents are included in this specification as a quotation publication. 

[0045] 

Single polymer or two or more polymer is vapor-deposited in order to form the layer 5 from a solution. Mono- ** 
[ like toluene and xylene ] whose polyarylene and especially suitable solvent that carries out the Polyful Oren pair 
are contains poly alkylbenzene. When two or more polymer is vapoi^deposited, when a device is PLED, the light 
emitting polymer indicated by WO99/48160 is included including at least two electron hole transportation polymer 
and electron transportation polymer. Or the layer 5 is formed from single polymer including the field chosen from 
the electron hole transportation zone, electron transportation field, and luminous region beyond 2 or it, for 
example, as indicated in WOOO/55927, and US6353083. Each function of electron hole transportation, electron 
transportation, and luminescence is provided by the field which independent polymer or single polymer separated. 
Or two or more functions are attained by a single area or polymer. Especially single polymer or a field can perform 
both charge transport and luminescence, each field can include a single repeating unit — for example, doria — a 
reel amine repeating unit may be an electron hole transportation zone. Or it may be a chain of a repeating unit like 
the chain of the Polyful Oren unit as an electron transportation field. A different field in such polymer is supplied 
as a branching group of polymer backbone like WO01/62869 along with polymer backbone like US6353083. About 
electron hole transportation and the electronic operating characteristic of the layer 4, such the characteristic is 
selectively removed from 1 containing the layer 5 or two or more polymer. 
[0046] 

The layers 4 and 5 are formed of the arbitrary processes of forming two or more layers in an organic optical 
apparatus. When it is a desirable low molecule to minimize mixing of the layers 4 and 5, since each class can be 
typically vapoi^deposited with the steam under a vacuum, it is easy. On the other hand, as for a dendrimer and 
polymer, when it is vapoi^deposited from a solution, therefore the layer 5 is vapor-deposited on the solution 
deposition layer 4 from a solution, it is typically desirable to introduce the art which prevents mutual mixing. One 
art for preventing mutual mixing of two or more solution deposition layers is a heat-treatment process indicated 
on the 2nd side of this invention, although other art is known. IEEE Transactions on Electron Devices, 1 997 and 44 
(8), and 1 263-1 268, [ for example, ] The solvent used in order to vapor-deposit solution vacuum evaporation of 
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two materials which need a different solvent, i.e., the 2nd two or more layers layer, has described not dissolving a 
lower layer, for example, by forming insoluble PPV with vacuum evaporation and its heating of soluble a 
"precursor" polymer, insoluble PPV is used for other art indicated by WO94/03030 as the 1st layer, and it ranks 
second and vapor-deposits other layers from a solution on it. for example, from a solution, other art indicated by 
US61 07452 vapor-deposits the layer containing a cross-linking group, and ranks second, for example, processes a 
layer under a cross-linking condition like heating or UV processing, and forms the insoluble material layer by which 
other layers are vapor-deposited from a solution. Material may be polymer containing a monomer or a cross-linking 
group. 
[0047] 

Preferably, the optical apparatus manufactured by the method of this invention is PLED, when the 1st and 2nd 

electrodes pour in a charge transport object. In this case, the layer 5 is a luminous layer. 

[0048] 

An optical apparatus is a photovoltaic device or a photodetector preferably, when the 1 st and 2nd electrodes 
receive a charge transport object. In this case, the layer 5 includes the material which can convey an electron. 
[0049] 

an electroluminescence device — monochrome and multicolor — or suppose that it is full color. The 

manufacturing process of a monochrome device contains a spin coat and dip coating. The manufacturing process 

of a full color display includes Inkjet printing which is indicated by EP0880303, and lasei^guidance thermal imaging 

which is indicated by for example, EP1 003354, for example. 

[Example] 

[0050] 

The general technique 

This invention is illustrated using polymer"T8-TFB" which is illustrated downward and indicated by W099/54385 
as electron hole transportation and an electronic cutoff material. 
[Formula 7] 




[0051] 

The general technique follows the following process. 

1) Laminate PEDT/PSS available from Byaer as Baytron (registered trademark) with a spin coat to the indium 
stannic acid ghost on a glass substrate. 

2) Laminate F8-TFB with a spin coat from the xylene solution which has 2% of concentration w/v. 

3) Heat 1 80 ** of devices selectively for 1 hour. 

4) Selectively, in order to remove the remaining soluble F8-TFB, carry out spin washing of the substrate in xylene. 

5) Laminate a semiconducting polymer layer from a xylene solution to about 750A in thickness with a spin coat. 

6) Vapor-deposit the sealing layer of aluminum the cathode which contacts semiconducting polymer and consists 
of the 1st layer of barium metal by evaporation on semiconducting polymer, and on a barium metal layer. 

7) Close a device using the airtight metal vessel indicated by EP0776147. 
[0052] 

Example 1-blue electroluminescence device 

Except for the process 4 which is an alternative process, the above-mentioned general technique was performed 
including the process 3 which is an alternative process. The used organic semiconductor polymer was a blue 
electroluminescence copolymer which has the following repeating unit. 65 mol %9,9-di-n-octylfluorene-2,7-diyl, 30 
mol %9,9-diphenylfluorene-2,7-diyl, and 5-mol% of repeating unit "PFB" (represented below). Polymer was 
manufactured by the Suzuki polymerization of the method indicated by WOOO/53656. 
[Formula 8] 
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"PFB 



[0053] 

Except for the point (namely, the process 2-4 abbreviation) that F8-TFB is not vapor-deposited, the same device 

was manufactured for the comparative purpose. 

[0054] 

When it states without being restrained by theory, improvement of a life is for the F8-TFB layer which prevents an 

electron flowing into PEDTPSS and/or an anode (namely, hole injection) layer. 

[0055] 

A blue electroluminescence device accompanied by change of example 2-amine content 

Except for the point of changing the mole ratio of the PFB repeating unit in polymer to 2.5% - 20% (a 

diphenylfluorene ratio is maintained to 30% and a PFB ratio changes with increases or reduction of a 

diphenylfluorene ratio), a series of devices were manufactured according to the process of Example 1. 

[0056] 

Except for the point (namely, the process 2-4 abbreviation) that the F8-TFB layer is not laminated, a series of 

same devices were manufactured for the comparative purpose. 

[0057] 

The external quantum efficiency (EQE) of the device of this invention is the same at least, or larger than the 
comparative device with which an F8-TFB layer does not exist enough in low PFB content so that drawing 3 may 
show. 
[0058] 

Since it is believed that barium has comparatively poor electron injection power if it says without being restrained 

by theory, it is believed that low amine content brings about the outstanding device characteristic. Therefore, 
when the quantity of the PFB repeating unit which can convey an electron hole decreases, an electric charge 
balances. Similarly, selection of good electron injection material (for example, a dielectric material, fluoride 
especially like lithium fluoride) demonstrates the greatest performance in the higher ratio of amine to pile. 
[0059] 

Example 3-red electroluminescence device 

The process of Example 1 was performed except for the point that the used organic semiconductor material is red 
electroluminescence polymer of the following repeating unit. 50-mol% of 9,9-di-n-octylfluorene-2,7-diyl, % of a 17- 

mol "TFB" repeating unit (it illustrates below), 30-mol% of 1,3,2-benzo thiadiazole 4,7-diyl, and 3-mol% of 4,7-bis 
(2-thiophene 5-yl)-1 ,3,2-benzo thiadiazole. This type of material is indicated by WOOO/46321, and WOOO/55927. 
The contents are included in this specification as a cited document. 



[Formula 9] 
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[0060] 

It is shown that the device with which drawing 4 contains an F8-TFB layer has efficiency higher than the 

comparing device which does not contain this layer. In low voltage, it is most fully improved. 

[0061] 

The life of a red electroluminescence device is twice [ at least ] compared with a comparing device. 
[0062] 

Example 4-green electroluminescence device 

Except for the point that the semiconductor material used is green electroluminescence polymer indicated by 
WOOO/55927, and WOOO/46321, for example, the device was manufactured according to the process of Example 1. 

[0063] 

About red and a blue electroluminescence device, it was observed that both a life and efficiency are substantially 

improved as compared with the device which does not contain an F8-TFB layer. 

[0064] 

It is shown that OLED is improved over the color of the range with a wide device of this invention and that such a 
device is suitable for especially the thing containing a full color display, i.e., red, and a green and blue 
electroluminescence material. 
[0065] 

Although this invention is indicated by the specific illustration example, unless it deviates from the pneuma and the 
range of this invention which are specified to a claim, many modification of the feature currently indicated by this 
specification, change, and/or combination can tell a person skilled in the art that it is clear. 
[Brief Description of the Drawings] 
[0066] 

[Drawing 1] The electroluminescence device of this invention is shown. 

[Drawin g 2] The luminosity-time curve in a blue electroluminescence device is shown. 

[Drawing 3] The external-quantum-efficiency-amine content curve in a series of blue electroluminescence devices 
is shown. 

[Drawing 4]The efficiency-bias curve in a red electroluminescence device is shown. 

[Description of Notations] 

[0067] 

1 Substrate 

2 Indium stannic acid ghost anode 

3 Organic hole-injection material 

4 Electron hole transportation and an electronic cutoff material 

5 Organic semiconductor material layer 
5 Cathode 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0066] 

[Drawing 1] The electroluminescence device of this invention is shown. 

.Drawing 2] The luminosity-time curve in a blue electroluminescence device is shown. 

[Drawing 3] The external-quantum-efficiency-amine content curve in a series of blue electroluminescence devices 
is shown. 

[Drawing 4] The efficiency-bias curve in a red electroluminescence device is shown. 
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WRITTEN AMENDMENT 



[Written amendment] 

[Filing datejNovember 4, Heisei 17 (2005.11.4) 
[Amendment 1] 

[Document to be Amended]Claim 

[Item(s) to be AmendedJWhole sentence 
[Method of AmendmentJChange 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 
An anode 

a cathode containing barium, strontium, or calcium — and 

An anode and an organic semiconductor material layer between cathodes, 

It is a ****** optical apparatus, 

An optical apparatus with which electron hole transportation and an electronic cutoff material layer are located 
between an anode and an organic semiconductor material layer here. 
[Claim 2] 

The optical apparatus according to claim 1 which is an electroluminescence device. 

[Claim 3] 

The optical apparatus according to claim 2 which is a full color device with which an organic semiconductor 
material layer includes red, green, and blue electroluminescence material. 

[Claim 4] 

The optical apparatus according to any one of claims 1 to 3 with which a cathode contains barium. 

[Claim 5] 

electron hole transportation and an electronic interception metal layer — doria — the optical apparatus according 
to any one of claims 1 to 4 containing reel amine. 

[Claim 6] 

doria — the optical apparatus according to claim 5 with which reel amine is supplied as a repeating unit of 

polymer. 

[Claim 7] 

The optical apparatus according to claim 6 with which polymer includes 1 or two or more arylene common 

repeating units. 
[Claim 8] 

The optical apparatus according to claim 7 with which 1 or two or more arylene common repeating units are 
chosen from a fluorene replaced selectively, a spirofluorene, an indeno fluorene and phenylene, and 9,9-2 
substitution fluorene-2,7-diyl. 
[Claim 9] 

The optical apparatus according to claim 7 1 or whose two or more arylene common repeating units are 9,9-2 
substitution fluorene-2,7-diyl. 
[Claim 10] 

doria — a reel amine repeating unit is the optical apparatus according to any one of claims 6 to 9 chosen from a 
repeating unit of the general formula 1-6 
[Formula 1] 
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An optical apparatus with which X, Y, A, B, C, and D are independently chosen from H or a substituent here. 
[Claim 11] 

1 of X, Y, A, B, C, and D, or 2 or more. The optical apparatus according to any one of claims 6 to 9 independently 
chosen from a group which comprises alkyi of branched state or a straight chain replaced selectively, aryl, 
perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, and an arylated alkyI group. 

[Claim 12] 

The optical apparatus according to any one of claims 1 to 11 whose organic semiconductor material layer is 
semiconducting polymer. 
[Claim 13] 

The optical apparatus according to any one of claims 1 to 1 1 whose organic semiconductor material layer is a 
semiconductor copolymer. 
[Claim 14] 

An optical apparatus containing the semiconductor copolymer according to claim 13 including a repeating unit 
chosen from a fluorene by which a semiconductor copolymer was replaced selectively, a spirofluorene, an indeno 
fluorene, phenylene, and 9,9-2 substitution fluorene-2,7-diyl. 
[Claim 15] 

An optical apparatus with which a semiconductor copolymer contains the semiconductor copolymer according to 
claim 14 including a repeating unit chosen from 9,9-2 substitution fluorene-2,7-diyl. 
[Claim 16] 

doria of the general formula 1-6 as which said semiconductor copolymer is specified to claim 10 — an optical 
apparatus containing the semiconductor copolymer according to any one of claims 12 to 14 including a repeating 
unit chosen from a reel amine repeating unit. 
[Claim 17] 

Said common repeating unit is the optical apparatus according to claim 1 6 which is a repeating unit of general 
formula (I), 
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[Formula 2] 





R each here H, branched state replaced selectively, or alkyi of a straight chain, The optical apparatus according to 
claim 16 independently chosen from aryl, perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, and a 
group arylated-alkyl-group-constituted. 
[Claim 18] 

The optical apparatus according to claim 17 each R [ whose ] is C^_^q of branched state or a straight chain 

replaced selectively. 
[Claim 19] 

The optical apparatus according to claim 1 7 each R [ whose ] is the butyl of branched state or a straight chain 
replaced selectively. 
[Claim 20] 

doria — the optical apparatus according to any one of claims 1 6 to 19 whose mole ratio of a reel amine repeating 
unit is 50% or less. 
[Claim 21] 

doria — the optical apparatus according to any one of claims 1 6 to 19 whose mole ratio of a reel amine repeating 
unit is 30% or less. 
[Claim 22] 

doria — the optical apparatus according to any one of claims 16 to 19 whose mole ratio of a reel amine repeating 
unit is 1-10%. 
[Claim 23] 

The optical apparatus according to any one of claims 1 to 22 with which a hole-injection material layer is arranged 
between an anode, electron hole transportation, and an electronic filter layer. 
[Claim 24] 

The optical apparatus according to claim 23 whose hole-injection material is a poly (ethylene dioxythiophene) 

layer. 
[Claim 25] 

The optical apparatus according to claim 23 with which a cathode contains a barium element. 

[Claim 26] 

A substrate containing an anode is supplied, 

Electron hole transportation and an electronic cutoff material layer are laminated to an anode, 

laminating an organic semiconductor material layer on electron hole transportation and an electronic cutoff 

material layer — and 

On an organic semiconductor material layer, a cathode layer containing barium, strontium, or calcium is laminated. 
A formation method of an optical apparatus containing things. 
[Claim 27] 

A method according to claim 26 by which a hole-injection material layer is laminated between an anode, electron 
hole transportation, and an electronic cutoff material layer. 
[Claim 28] 

A method according to claim 26 or 27 by which both electron hole transportation [ and ], an electronic cutoff 
material layer, and an organic semiconductor material layer are vapor-deposited from a solution. 

[Claim 29] 

A way according to claim 28 both electron hole transportation [ and ], an electronic cutoff material layer, and an 
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organic semiconductor material layer are polymer. 
[Claim 30] 

A method according to claim 28 or 29 by which electron hole transportation and an electronic cutoff material layer 
are heat-treated before lamination of an organic semiconductor material layer. 
[Claim 31] 

A method according to claim 30 by which heat-treatment is performed below with glass transition temperature of 
electron hole transportation and an electronic cutoff material. 

[Claim 32] 

A way according to any one of claims 28 to 31 an organic semiconductor material does not have cross-linking vinyl 
or an ethynyl group substantially. 
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[Kind of official gazetteJPrinting of amendment by the regulation of 2 of Article 1 7 of Patent Law 
[Section classification] The 2nd classification of the part VII gate 
[Publication date]April 30, Heisei 21 (2009.4.30) 

[Official announcement number] ** table 2006-521008 (P2006-521008A) 
[Announcement date] September 14, Heisei 18 (2006.9.14) 
[Annual volume number] Public presentation / registration gazette 2006-036 
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[Written amendment] 

[Filing date]March 11, Heisei 21 (2009.3.11) 
[Amendment 1] 

[Document to be Amended]Claim 
[Item(s) to be Amended]Whole sentence 
[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 
An anode 

a cathode containing barium, strontium, or calcium — and 

An anode and an organic semiconductor material layer between cathodes. 

It is a ****** optical apparatus, 

An optical apparatus with which electron hole transportation and an electronic cutoff material layer are located 
between an anode and an organic semiconductor material layer here. 

[Claim 2] 

The optical apparatus according to claim 1 which is an electroluminescence device. 
[Claim 3] 

The optical apparatus according to claim 2 which is a full color device with which an organic semiconductor 
material layer includes red, green, and blue electroluminescence material. 
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[Claim 4] 

The optical apparatus according to any one of claims 1 to 3 with which a cathode contains barium. 
[Claim 5] 

electron hole transportation and an electronic interception metal layer — doria — the optical apparatus according 
to any one of claims 1 to 4 containing reel amine. 

[Claim 6] 

doria — the optical apparatus according to claim 5 with which reel amine is supplied as a repeating unit of 

polymer. 

[Claim 7] 

The optical apparatus according to claim 6 with which polymer includes 1 or two or more arylene common 

repeating units. 
[Claim 8] 

The optical apparatus according to claim 7 with which 1 or two or more arylene common repeating units are 
chosen from a fluorene replaced selectively, a spirofluorene, an indeno fluorene and phenylene, and 9,9-2 
substitution fluorene-2,7-diyl. 
[Claim 9] 

The optical apparatus according to claim 7 1 or whose two or more arylene common repeating units are 9,9-2 
substitution fluorene-2,7-diyl. 
[Claim 10] 

doria — a reel amine repeating unit is the optical apparatus according to any one of claims 6 to 9 chosen from a 
repeating unit of the general formula 1-6 
[Formula 1] 
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An optical apparatus with which X, Y, A, B, C, and D are independently chosen from H or a substituent here. 
[Claim 11] 

1 of X, Y, A, B, C, and D, or 2 or more. The optical apparatus according to any one of claims 6 to 9 independently 
chosen from a group which comprises alkyi of branched state or a straight chain replaced selectively, aryl, 
perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI aryl, and an arylated alkyI group. 
[Claim 12] 

The optical apparatus according to any one of claims 1 to 1 1 whose organic semiconductor material layer is 
semiconducting polymer. 
[Claim 13] 

The optical apparatus according to any one of claims 1 to 1 1 whose organic semiconductor material layer is a 
semiconductor copolymer. 
[Claim 14] 

An optical apparatus containing the semiconductor copolymer according to claim 13 including a repeating unit 
chosen from a fluorene by which a semiconductor copolymer was replaced selectively, a spirofluorene, an indeno 
fluorene, phenylene, and 9,9-2 substitution fluorene-2,7-diyl. 
[Claim 15] 

An optical apparatus with which a semiconductor copolymer contains the semiconductor copolymer according to 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.ipdl.inpit.go.jp%... 3/16/2010 



Page 4 of 5 

claim 14 including a repeating unit chosen from 9,9-2 substitution fluorene-2,7-diyl. 
[Claim 16] 

doria of the general formula 1-6 as which said semiconductor copolymer is specified to claim 10 — an optical 
apparatus containing the semiconductor copolymer according to any one of claims 12 to 14 including a repeating 
unit chosen from a reel amine repeating unit. 

[Claim 17] 

Said common repeating unit is the optical apparatus according to claim 16 which is a repeating unit of general 
formula (I), 
[Formula 2] 




C!) 



R each here H, the branched state replaced selectively, or the alkyi of a straight chain, The optical apparatus 
according to claim 16 independently chosen from aryl, perfluoro-alkyi, thio alkyI, cyano, alkoxy ** heteroaryl, alkyI 
aryl, and the group arylated-alkyl-group-constituted. 
[Claim 18] 

The optical apparatus according to claim 17 each R [ whose ] is C^_^q of branched state or a straight chain 

replaced selectively. 
[Claim 19] 

The optical apparatus according to claim 1 7 each R [ whose ] is the butyl of branched state or a straight chain 
replaced selectively. 
[Claim 20] 

The optical apparatus according to any one of claims 1 to 1 9 with which a hole-injection material layer is arranged 
between an anode, electron hole transportation, and an electronic filter layer. 
[Claim 21] 

The optical apparatus according to claim 20 whose hole-injection material is a poly (ethylene dioxythiophene) 

layer. 

[Claim 22] 

The optical apparatus according to claim 20 with which a cathode contains a barium element. 

[Claim 23] 

A substrate containing an anode is supplied. 

Electron hole transportation and an electronic cutoff material layer are laminated to an anode, 

laminating an organic semiconductor material layer on electron hole transportation and an electronic cutoff 

material layer — and 

A formation method of an optical apparatus including laminating a cathode layer containing barium, strontium, or 
calcium on an organic semiconductor material layer. 
[Claim 24] 

A method according to claim 23 by which a hole-injection material layer is laminated between an anode, electron 
hole transportation, and an electronic cutoff material layer. 
[Claim 25] 

A method according to claim 23 or 24 by which both electron hole transportation [ and ], an electronic cutoff 
material layer, and an organic semiconductor material layer are vapor-deposited from a solution. 
[Claim 26] 
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A way according to claim 25 both electron hole transportation [ and ], an electronic cutoff material layer, and an 
organic semiconductor material layer are polymer. 
[Claim 27] 

A method according to claim 25 or 26 by which electron hole transportation and an electronic cutoff material layer 
are heat-treated before lamination of an organic semiconductor material layer. 

[Claim 28] 

A method according to claim 27 by which heat-treatment is performed below with glass transition temperature of 
electron hole transportation and an electronic cutoff material. 
[Claim 29] 

A way according to any one of claims 25 to 28 an organic semiconductor material does not have cross-linking vinyl 
or an ethynyl group substantially. 
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